Abstract-The article presents and describes Cohen's class time-frequency distributions which are expedient to use as a mathematical tool that allows you to create a convenient-in terms of information content and semantic clarity-visual-graphical representation of the operating modes of various technological processes including ferrous metallurgy processes. It was noted that a controlling process is usually implemented without simultaneous visual monitoring of each scalar (one-dimensional) coordinate that is under control, but the presence of such monitoring is an important condition for computer-aided controlling the dynamics of nonstationary technological processes. To eliminate this drawback, it was proposed to perform synchronous monitoring using the multidimensional Cohen's class time-frequency distributions, when each measurement scalar signal is specifically represented through one of these distributions, for example, the Wigner-Ville distribution. An expression is given for the generalized distribution of Cohen's class with a distribution kernel and an ambiguity function available. The latter allows you to receive distributions of various types from the maternal function. The most typical representatives of time-frequency distributions forming this class, with their kernels available, are given. The possibility of the appearance of interference elements on a signal distribution map, which ones make it difficult to identify controlled modes, is proved. The case of the formation of virtual elements within the Wigner-Ville distribution, which represents a two-component one-dimensional signal, is considered. The conditions are explained for the emergence of parasitic elements on the distribution map, obtained, for example, during realizing the process of multi-component feeding the bulk blast furnace charge materials in the production of sintering mixture. An analytical expression is obtained for the Wigner distribution, which displays a multi-component scalar signal and contains the information (useful) and virtual (parasitic) parts of the time-frequency distribution. A link is made known between the number of bulk material feeders available in the feeding devices unit and the number of parasitic (virtual) elements in the Wigner distribution. Using the feeding process as an example, the effect of the noise components propagation in the Wigner distribution is demonstrated. An example is given to illustrate the penetration of noise into the Wigner distribution and the appearance of a virtual concentration in it when displaying a signal waveform with a noisy pause and two sections with different frequencies. An expression for the Wigner distribution in the form of a comb function is obtained. The conclusion was made about the parameters of the distribution periodicity and the required sampling frequency of measurement signals.
INTRODUCTION
When designing computer-aided systems to control technological processes, automatic controllers are usually provided as control devices that realize certain control laws and algorithms. At the same time, a controlling process is implemented without simultaneous visual monitoring of each scalar (one-dimensional) coordinate available under control, while the presence of such control is an important peculiarity, especially in the conditions of non-stationary controlled processes [1] . To eliminate this drawback, it is proposed to perform synchronous monitoring [1] using the multi-dimensional Cohen's class time-frequency distributions of [2, 3] , when each measurement scalar signal is specifically displayed through one of these distributions, for example, the Wigner-Ville distribution.
COHEN'S CLASS TIME-FREQUENCY DISTRIBUTIONS
The Wigner-Ville distribution [2] [3] [4] [5] [6] [7] [8] [9] [10] and its modifications (see Table 1 ) relate to Cohen's class bilinear distributions. In general form the distributions of this type are determined by the expression (1) where A x (θ, τ)-the ambiguity function [4, 11] , specifying a certain type of distribution that has the form (2) Φ(θ, τ)-Cohen's class distribution kernel [3, 11] , and it serves to modify the virtual (parasitic) part of a distribution; here t and τ-current time moments; jimaginary unit; f and θ-instantaneous linear frequencies in the signal spectrum.
Since the ambiguity (uncertainty) function completely repeats, up to a constant, the form of the Wigner-Ville distribution (3) then the kernel of the latter Φ(θ, τ) = 1.
Some distributions widely used in practice of processing complex multicomponent technological signals are presented in Table 1 below.
In practice, during the process of multicomponent feeding the bulk blast furnace charge materials, when various ingredients from different feeders of both continuous-type and discrete action, specific regimes often occur in which the supply of certain components naturally alternates with pauses, and this may also vary feeding frequencies. And in this case, if you do not take appropriate measures related to the identification and/or some forced suppression of virtual elements [2, 3, [12] [13] [14] on the distributions displaying measurement signals, the interpretation of time-frequency obtained-on-the monitors images of material flow feeding signals both in time and frequency, will be a rather difficult task for the operators. The difficulty lies in the fact that it will be necessary to continually match an obtained time-frequency map (for example, 
the Wigner distribution) with a corresponding material flow signal that generates it. With dynamic and sufficiently non-stationary feeding processes, such a situation can lead to loss of control of a current process, and with digital identification of the distribution obtained, also with the purpose of realizing the control function, this can cause incorrect formation of control actions when they are put to feeders actuators. The latter circumstance is unacceptable, and in some cases fatal. An example of this is the preparation of the charge mixture in the production of blast furnace sinter. Also, for example, in the field of recording and recognizing speech commands silence intervals are important, since they form certain semantics of an analyzed signal, but the parasitic elements of the Wigner distribution mask them. Those parasitic fragments can be removed by smoothing (filtering), but smoothing destroys some of the other desirable properties of the Wigner distribution. In addition, such filtering can directly "erase" certain time-frequency elements on the Wigner map, which, in turn, contributes to the misinterpretation of the analyzed signals internal structure.
The presence of virtual elements on the WignerVille map (that is, parasitic, interference members [2, 3, 14] in the distribution) can be explained analytically, for which we consider a two-component signal of the type s(t) = αg(t) + βc(t), where g(t) and c(t) are signal components; α and β-scale coefficients. The Wigner distribution representing this signal, based on expression (3), is transformed as follows:
This shows that the final distribution includes the distributions for the components g(t) and c(t) of the signal s(t), as well as the integral distribution reflecting 
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the manifestation of parasitic coupling between the signal components, which is expressed in the appearance of virtual elements on the Wigner map (distribution) [11, [15] [16] [17] [18] [19] . TIME-FREQUENCY DISTRIBUTION OF MULTICOMPONENT SIGNALS With a two-component harmonic signal, energy concentrations [1, 2] appear at the two main frequencies (actual energy distribution) and at the half-sum frequency [2, 15] (virtual energy distribution) in the Wigner distribution.
In the general case with a multiple N-component signal of the form the time-frequency distribution is as follows:
where the first "sigma" means the sum of distributions for each kth component s k (t) in the signal s(t), and the second one is the sum of virtual elements distributions.
When in the feeding unit continuous-type feeding devices-screw and (or) spiral-are used, virtual energy concentrations in the Wigner distribution at half-sum frequencies arise for any two feeders. Therefore, for N continuous-type feeders we get localized virtual energy concentrations. When calculating the time-frequency distributions of multicomponent signals, the latter is expressed as discrete comb functions.
Below is the number of localized virtual concentrations generated by the feeding unit:
In this case, in accordance with the sampling theorem [2, 20] , the Wigner distribution is defined as (4) where -a sampling rate, it is selected from the ratio , -a maximum frequency in the signal spectrum.
As it can be seen from the expression (4), the Wigner discrete distribution is periodic with a period π (since the frequency of the imaginary exponent is 2ω),
The number of feeders, N, in the feeding unit 2, 3, 4, 5. The number of parasitic elements in Wigner distributions 1, 3, 6, 10.
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аnd not 2π-as in the case of a continuous signal. Therefore, the sampling rate should be twice the Nyquist frequency [2, 11] , i.e.
With the comb waveform of the material flow rate signal, sampled by time and specified in the form , as well as with a continuous frequency ω, we obtain a discrete version of the Wigner distribution:
This expression corresponds to the condition of loss-free, in the information sense, restoration of a continuous one-dimensional material flow signal from its discrete distribution.
AN EXAMPLE OF NOISE PENETRATION
INTO THE WIGNER DISTRIBUTION When implementing numerical methods for calculating Wigner distributions of real material flow signals, it is noted that in many cases the distributions turn out to be noisy both over time and frequency ranges. In general, if some noise acts on a certain time interval, then this noise will also appear on other intervals, and if the signal is of infinite duration (i.e. it is non-localized in time), then the noise will be displayed throughout the entire signal time interval. This negative effect is a common property of the Wigner distribution, which is explained by lack of essential localizing of the latter.
This property is demonstrated in Fig. 1 below, which shows a 1D-finite duration signal with the presence of noise available in the range (t 1 , t 2 ), and the corresponding Wigner distribution.
The noise in the distribution appears in the time range between arrows a and b in Fig. 1 , although the noise duration is shorter than this interval. In addition,
the noise manifests itself in the frequency range, which width is greater than the range (ω 1 , ω 2 ). Here the frequency ω 1 corresponds to the bottom of the waveform (from zero to t 1 ), and the frequency ω 2 -to its top (t 2 , t 3 ); ω 2 > ω 1 . Peak virtual energy in the range (t 1 , t 2 ) reveals itself at the half-sum frequency (1/2)(ω 1 + ω 2 ). If the signal had an infinite duration, then the noise would appear over the entire time interval in the Wigner distribution, although it had a finite duration in the signal. CONCLUSIONS Thus, the study analyzed some shortcomings and also demonstrated the capabilities of Cohen's class time-frequency distributions (using the example of the Wigner distribution) to display one-dimensional signals of technological processes parameters in a convenient, from an operational point of view, time-frequency space. Similar transformations should be used in computer-aided control systems as a mathematical instrument that allows you to create a comfortable (from the point of view of information richness and semantic clarity) visual-graphical representation of the operating modes in various technologies. 
